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Abstract 
Agility in the sense of changeability on the manufacturing network level, and here especially the business perspective, has received less attention 
than the other dimensions of changeability on the lower production levels, as well as in relation to the technological perspective. The present 
paper aims to enrich the concept of agility in the aforementioned sense, taking strategic management concepts into account that have so far 
received less attention in relation to changeability. Namely, we consider the concepts of lead factory, capacity pooling and allying, operational 
flexibility, and the concept of combining products, services and software as fruitful enrichments of the umbrella concept changeability. In so 
doing, we highlight interdependencies between agility and the analyzed concepts as well as the other changeability dimensions on the lower 
production level of factories or sites. On this basis, we formulate six hypotheses in consideration of the presented theoretical derivations. Hence, 
the methodological approach of our research is conceptual and hypothesis generating. Our work is supposed to build the basis for continuative 
conceptual and empirical research on agility. 
© 2015 The Authors. Published by Elsevier B.V. 
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2015. 
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1. Introduction 
Wiendahl et al. define changeability as characteristics to 
accomplish early and foresighted adjustments of the factory’s 
structures and processes on all production levels to change 
impulses economically [1]. The impulse for such adjustments 
is triggered by change drivers, for which various 
categorizations exist in literature. E.g., Wiendahl et al. 
categorize them into three classes: demand volatility, span 
width of product variants, and change drivers arising from a 
new strategy [1, 2]. Löffler and Westkämper [3] introduce three 
classes of change drivers: “market” (customizing, order 
situation, and economic cycle as external change drivers), and 
the two internal change driver classes “product” (variants, 
configuration, new technical concept or system) and 
“production” (unsteady lot size, new material or technology). 
The physical and logical objects of a factory that is designed to 
be changeable must have certain inherent features or properties 
called changeability enablers. Those characteristics influence 
the ability of a factory to adapt [1, 2]. 
If one combines the five production levels of a factory—
network, site/factory, segment, cell, station—with the 
associated product levels—product portfolio, product, sub 
product, work piece, feature—a hierarchy emerges that allows 
the definition of five types of changeability, where any 
changeability type at a higher level subsumes those below it [1, 
2]. For the present paper especially two changeability types on 
the top of the hierarchy are relevant: agility (network/product 
portfolio level) and to some extent transformability (site or 
factory/product). Agility is the strategic ability on the 
production network level to adapt, i.e. agility is beyond the 
factory level and is treated as a strategic setting for the design 
of a changeable factory. Transformability is the tactical ability 
to adapt, i.e. the ability of an entire factory structure (physical, 
organizational, etc.) to switch to another product family [1, 2]. 
On the factory level, the change of objects itself can mainly 
take place through five transformation enablers that probably 
are the most widely noted changeability constructs: 
universality, scalability, modularity, mobility, and 
compatibility [1, 2]. However, agility in the sense of 
changeability constructs on the manufacturing network level, 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015
28   M. Mikusz et al. /  Procedia CIRP  41 ( 2016 )  27 – 32 
and here especially the business perspective, 1  has received 
much less attention in relation to the other dimensions of 
changeability on the lower production levels, as well as in 
relation to the technological perspective. This is especially 
eminent, as the ability of production processes, resources, 
structures as well as their logistical and organizational concepts 
to adapt is a prerequisite for success in local and global 
production networks [2]. At the same time, production 
networks hold significant potential to cope with change drivers 
and hence enable agility in manufacturing by reduced market 
dependency, informational advantages, collective risk pooling, 
and the in-/outsourcing of production processes within the 
network. Agility can enable reduction of changeability 
constructs required on the lower production levels [4]. 
Especially, Wiendahl et al. do not treat the network level in 
their widely cited paper but only reconfigurability, flexibility, 
and transformability [1]. We identified a few research projects 
or publications that address the concept of agility in the 
aforementioned sense. Moreover, their focus from business 
perspective is limited on certain planning and organizational 
aspect. 2  The scope of changeable manufacturing subsumes 
such aspects of planning under the logical level of constituents 
of changeable manufacturing.3
The present paper aims to enrich the concept of 
changeability on the manufacturing network level, i.e. agility, 
especially from the business perspective. The contribution of 
our paper is threefold in this regard:  
First, we take (strategic) management concepts beyond 
planning and organizational aspects into account, i.e. concepts 
that have received less attention related to changeability, so far. 
Namely, we consider the concepts of lead factory (section 2.1), 
capacity pooling and allying (section 2.2), operational 
flexibility (section 2.3), and the concept of combining products, 
services and software (section 2.4) as fruitful enrichments of 
the umbrella concept changeability. 
Second, in so doing, we do not strictly assign agility to the 
product portfolio level, but rather highlight interdependencies 
between agility or the analyzed concepts and the other 
changeability dimensions on the lower production level 
factory/site. Here, we cover interdependencies with change 
enablers as well as change drivers. 
Third, we formulate six hypotheses in consideration of the 
presented theoretical derivations. Hence, the methodological 
approach of this (explorative) research is conceptual and 
hypothesis-generating. 
1 From business or organizational perspective, the production network is an 
organizational structure between market and hierarchy and can be defined as 
a voluntary arrangement (intra- or inter-firm relationship) to exchange and 
share resources and to engage in the co-development and/or provision of 
products, technologies and assets. The value-added process takes place at 
(globally) distributed locations [4, 5, 6]. 
2 The Vertumnus project aimed to develop an early diagnosis system for 
identification, measurement, and evaluation of change drivers within a value 
creation network of SMEs. Lanza and Moser [6] describe the POWer.net 
project’s approach for the strategic planning of global changeable production 
2. Changeable manufacturing on the network level 
2.1. Changeability and the lead factory concept 
The roots of the lead factory concept—a concept of strategic 
management for factory networks—are to be found in the idea 
of assigning strategic roles to subsidiaries [7, 8]. Ferdows [9] 
was the first to apply this idea to manufacturing, isolating 
diverse plant roles within global production networks. He 
regards the lead factory as one of six strategic factory roles that 
differ in terms of specific skills and strategic reasons for the 
choice of the location [9, 10]. Further development came to this 
concept in recent years in parallel through practice and theory. 
The Endress+Hauser AG was among the first to employ the 
lead factory as an intermediary between R&D and production, 
thus providing the concept with a new character [11]. Here, the 
lead factory builds up knowledge and skills in collaboration 
with the R&D department, and consequently transfers the 
developed methods and solutions to other production sites—
i.e. to the “efficiency factories” in the production network. 
The expanded perspective on lead factories may be 
attributed to the level of production sites, while, however, its 
value unfolds only through the interaction between all plants—
in other words, through composite design on the network level 
[12]. With respect to the concept of changeability, the lead 
factory concept and foremost the fixed strategic role allocation 
initially seems like an obstructer of change. The factory roles 
are designed in advance and may only be adapted within the 
limits of these predefined roles. The advancement of individual 
factories into new strategic roles has already been considered 
by Ferdows [10], however, may only be accomplished over 
medium to long-term periods, as specific competences need to 
be developed over time [10]. According to the so called 
resource- and competence-based view of strategic 
management, complex skill bundles or competencies are 
considered to be evolutionary and thus may not be built up 
purposive and on the short term. 
However, taking a different perspective and considering the 
interplay of individual factories in the overall network, the 
potential of the lead factory concept in assisting changeability 
becomes apparent. By implementing lead factories, an 
innovative and adaptable production network is established, as 
lead factories assume their role as catalysts of knowledge, and 
consequently pass on this knowledge purposefully and with 
high degree of maturity to the other production plants. Thus, 
fast and flexible anticipation and response to new and 
unforeseen stimuli or change drivers is made possible as the 
experts in the network are clearly defined and furthermore 
possess the necessary competencies for successful change. By 
networks, based on future scenarios and a multi-objective optimization. 
Löffler and Westkämper [3] present a method for analyzing the capacitive 
and technological structure of a factory embedded in a production network. 
The method intends to synchronize product and production development 
under the influence of change. 
3 Reconfigurable process planning, i.e. process planning systems able to react 
to changes; adaptive production planning and control, i.e. production 
planning and control that can react to changes in product volume, mix or 
reconfigured process plans [1].
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short-term response and adaptation of relevant circumferences 
by the lead factory and the transfer of the developed adaptation 
strategies to the other plants, the entire network is enabled to 
flexible change. 
A closer look into the five changeability enablers on factory 
level provides further insights. Universality includes the ability 
of factory objects or resources to assume different roles and 
fulfill diverging requirements in order to be capable of carrying 
out diverse tasks, demands, purposes, and functions. On the 
production network level, the lead factory supports universality 
by bundling holistic knowledge, thus enabling the fast 
development of universal solutions. Modularity as the idea of 
standardized, pretested units and elements with standardized 
interfaces is supported by the facilitated expansion of 
individual factories and the shift of products between them, 
without affecting the network as a whole. Compatibility allows 
various interactions within and outside the factory and is the 
biggest strength of a lead factory concept, as materials and 
especially information as well as knowledge may be transferred 
frictionless and efficiently within the factory network. The 
concept furthermore enables scalability in the sense of 
technical, spatial, and personnel extensibility of the production 
network by facilitating expansion of the network by adding 
factories without impact on the knowledge and efficiency of 
the network as a whole. 
Interpreted in terms of the interconnection between 
changeability and the lead factory concept, and in consideration 
of the presented theoretical derivations, we formulate 
hypothesis 1:  
A high perceived strength of change drivers leads to the 
implementation of lead factories in the production network. 
2.2. Changeability and the concepts of capacity pooling and 
capacity allying 
Due to high global interconnectedness of different 
economical actors, present change drivers for manufacturing 
systems are constantly raising [13]. This leads to a ubiquitous 
risk of efficiency losses for all existent production capacities, 
if these cannot adapt to new environmental situations [14]. 
Therefore, changeability in manufacturing becomes an 
essential competitive advantage. In line with the Stuttgart 
Enterprise Model, changeability arises as a result of potential 
changeability enablers from different production levels [12]. 
One way to acquire changeability for manufacturing is the 
formation of production networks. The systematic combination 
of different production sites within the network gives way to 
additional adjustment processes. The organizational structure 
of networks enables an advanced scope of freedom in the 
distribution of value creation and is thereby inducing potential 
changeability gains, which need to be further analyzed [4].  
To identify changeability enablers on the network level, we 
examine the Relational View as a strategic management 
perspective, which deconstructs a cooperation as a bundle of 
discrete competitive advantages based on its inter-firm 
resources. Therefore, manufacturing within networks creates 
additional, strategic changeability on the highest production 
level—i.e. agility [1]. In this sense, agility is considered as a 
batch of additional options accessible through the production 
network structure. Network-based agility arises from 
production shifts between differing network sites. For this 
purpose two requirements need to be fulfilled: The first is the 
availability of redundant production capacity within the 
network, enabling transfer of production volume between 
different production sites. The second one is the possibility to 
(re-)configure the production network. This allows rapid and 
reactive changes of the production program within the network, 
without changing the network structure itself. These re-
configurations can be perceived in terms of the so called 
dynamic capability approach, which qualifies production shifts 
under the operational aspect. According to Teece et al. [15], a 
dynamic capability is defined as the ability to integrate, build, 
and reconfigure internal and external competences or resources 
to address rapidly changing environments (evolving customer 
demands, shortened product life cycles etc.). I.e., dynamic 
capabilities are essentially change-oriented capabilities. Within 
this context of network-based changeability, we propose to 
distinguish two different agility enabling concepts. Both 
benefit from complementary locational advantages by 
capitalizing production shifts [4].  
On the one hand, the capacity pooling concept aims to gain 
from geographical diversity between different network sites. 
Therefore, the mutual usage of redundant manufacturing 
capacity at different locations is enabling greater scale for the 
network as its connection gives access to arbitrage effects. I.e., 
the capacity pooling concept favors production order shifts and 
the utilization of locational advantages between manufacturing 
locations. This enables especially (fixed-)cost intensive 
production systems to cope with the risk of high demand 
fluctuation [5]. 
On the other hand, the capacity allying concept grants access 
to advantages from different production competences at 
various network sites. This is crucial in innovative 
environments with complex products. The combination of 
distinct resources forms synergies and helps to acquire unique 
manufacturing features as the single production systems can 
focus on their core competences, while relying on their network 
for other operations. At the same time, the entrepreneurial risk 
taking is shared within the network [5]. 
Present research results indicate that production networks 
benefit from capacity pooling as an agility enabling concept to 
meet turbulences coming from market-based volatility. This 
change driver is characterized by an environment of rapid 
volume and product-mix turbulence in demand and supply. It 
requires a redundant network capacity pool, as production 
shifts and multiple routing can leverage the exploitation of 
manufacturing resources. Technology-based volatility occurs 
in highly innovative environments with major risks of 
technology leaps and unforeseeable product life cycles. 
Technology-based volatility as a change driver asks for 
complementary network capacity, as exploration is increased 
by a more dynamic distribution of value creation and the built-
in real option of innovative resource allocation. I.e., we assume 
that production networks benefit from capacity allying as an 
agility enabling concept to meet turbulences coming from 
technology-based volatility [5]. 
Interpreted in terms of the interconnection between 
changeability and the two introduced agility enabling concepts, 
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and in consideration of the presented theoretical derivations, 
we formulate hypotheses 2a and 2b:  
High perceived strength of market-based volatility leads to 
the implementation of the capacity pooling concept (2a);  
High perceived strength of technology-based volatility leads 
to the implementation of the capacity allying concept (2b). 
2.3. Changeability and the concept of operational flexibility  
The unique feature of an international strategy lies less in its 
content but rather in how it may create operational flexibility 
within a manufacturing network to profit from uncertainties 
and dynamics encountered in a globalized world [16]. Those 
uncertainties stem from volatilities, altering national 
government policies, and unpredictable competitors' actions. 
Volatilities in macroeconomic variables, e.g. labor costs, 
influence firms' cost structures directly. Moreover, changes in 
exchange rates might diminish a firm's profit and decrease 
comparative advantages. Furthermore, a firm can achieve a 
competitive advantage through technology differences. 
Uncertainties caused by alteration in governmental political 
stances, e.g. modifications of laws, taxes, or a demand for local 
content of production, can also lower firms' profits or inhibit 
strategic planning. The uncertainty "unpredictable competitors' 
actions" can contain rivals' initial moves concerning pricing 
and market penetration [16]. 
To address such uncertainties faced by a firm's 
manufacturing network in global competition, Kogut suggests 
six main strategic instruments—four arbitrage and two 
leverage instruments. The arbitrage strategic instruments (1-4) 
make use of market's imperfections, while the strategic 
leverage instruments (5-6) make use of a firm's market power 
[16]: 1) Arbitrage of the market of factors, or shifting of 
production capacity; 2) Institutional arbitrage, which can be 
achieved by adjusting intra-organizational transfer prices, the 
point in time of transactions, as well as the transfer of 
immaterial assets; 3) Financial arbitrage, which comprises 
exploitation of subsidies or circumvention of restrictions by 
using innovative financial products or foreign funding; 4) 
Information arbitrage, in which the surveillance of the world 
market is employed to find new buyers or to transfer 
innovations of products or processes; 5) Price differentiation, 
executed via cross-subsidization between separated markets 
and an aggressive price policy of the respective firm; 6) 
Increasing a firm's power towards competitors or suppliers and 
mitigating risk through cooperation with another firm. 
The aforementioned benefits of operational flexibility, 
gained through the strategic use of arbitrage and leverage 
instruments in order to address production uncertainties, 
depend on adaptable organizational resources, i.e. on 
changeability on the workstation level scaling upwards to 
agility on the manufacturing network level. Especially, we 
identified direct links between the concept of operational 
flexibility within a manufacturing network and universality, 
modularity, and scalability of production units as change 
enablers on a lower level. 
Universality, i.e. dimensioning of factory objects suited to 
the fulfillment of different requirements [1, 2], is a necessity of 
operational flexibility. Volatilities of macroeconomic variables 
directly affect the choice of production technologies. To 
achieve operational flexibility within the manufacturing 
network, flexible production technologies, already at the 
workstation level, are required to provide the potential for 
arbitrage. The more volatile macroeconomic variables are the 
more flexible production technologies have to be in order to 
restructure production across the manufacturing network to the 
adjusted strategic prerequisites. Employees, who are capable of 
handling new complex technologies, serve as an organizational 
enabler in the concept of operational flexibility and are part of 
universality of production units, directly ameliorating agility 
within the manufacturing network.  
Modularity, i.e. standardized elements and interfaces of 
production units [1, 2], has to prevail as well in order to employ 
operational flexibility and enable agility. Each production unit 
has to be built in a standardized manner so that it can be easily 
adjusted to a production shift caused, e.g., by volatility of 
macroeconomic variables and hence can provide the basis for 
arbitrage and leverage potentials. Modularity of production 
units also includes their managerial processes and 
organizational structures. This can be achieved with similar 
organizational processes embedded in similar organizational 
structures, which can easily be copied to other production sites. 
The organizational slack inherent to operational flexibility 
also is an enabler of scalability as expandability and 
reducibility in technical, spatial and personnel dimensions [1, 
2]. E.g., in its technical dimension, scalability can refer to the 
expandability of a production unit in order to compensate a 
higher production capacity shifted across the manufacturing 
network due to uncertainties faced in another country.  
All in all, operational flexibility with its arbitrage and 
leverage potentials as enablers of agility within manufacturing 
networks is closely interconnected to changeability. Interpreted 
in terms of this interconnection, and in consideration of the 
presented theoretical derivations, we formulate hypothesis 3:  
Operational flexibility within a manufacturing network and 
universality, modularity, and scalability of production units as 
change enablers on a lower level are mutually reinforcing, 
enabling even greater changeability than on their own. 
2.4. Changeability and the concept of combining products, 
services and software 
A recent trend in business strategy is to offer solutions to 
customers instead of stand-alone products. The strategic 
importance of combining products and services has led to 
innovative business models that combine goods with classical 
as well as software- and knowledge-intensive services into 
seamless offerings—usually called (integrated) solutions or 
(industrial) product service systems [17]. Particularly, 
previously isolated business models of traditional goods-
producing industry melt together with those of service and 
software businesses. Hence, the scope of manufacturing sensu 
stricto is extended to the creation of integrated solutions. These 
consist of physical as well as of service and software 
components that are no longer individually identifiable [18]. 
Inter- and intra-firm networks play a critical role for 
development and provision of integrated solutions, especially 
as the solution becomes more complex. Transitioning from a 
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product-centric offering, emphasizing features, to a service-
centric, focusing on integrated solutions for the customer, 
makes the need for an network explicit [17, 19, 20, 21]. 
Manufacturers of varying sizes and industry segments 
increasingly cooperate with each other and service providers, 
telecommunication suppliers, and software producers, in order 
to merge their competences, which are eventually needed to 
develop and provide integrated solutions [18]. 
It is safe to assume that this dominant trend in business 
strategy has an enormous effect on characteristics and the 
extent of potential change drivers on all levels—regardless of 
whether the manufacturer is acting just as a component supplier 
or complementor of the tangible part of the solution, or as the 
solution provider (orchestrator) itself. 
First, manufacturers face increased variety of their products 
or components, since high degree of customization and 
individualization as main characteristics of integrated solutions 
lead to an ever-increasing number of product models and 
variants—with high complexity in production as a consequence 
[3]. Second, with integration of services and software in the 
now hybrid value creation network, as well as with decreasing 
market life of the products and fast changing technologies, the 
product life cycle (solution and/or tangible parts) is far beyond 
the range of the life cycle of the technological processes and 
production machines [1, 2]. At the same time, an integrated 
solution is characterized especially by the integrated and 
mutually determined planning, development, provision and use 
of product and service shares including its immanent software 
components [21]. Third, the transition from a product-centric 
to a service-centric offering as a new company strategy is a 
major change driver by itself [3]. 
Research emphasizes the use of information technology in 
hybrid offerings [17]. In this sense, we understand cyber-
physical systems (CPS) as a special form of integrated 
solutions, or in other words as software-intensive product 
service systems or combinations of software, services and 
tangible product parts [18]. CPS are opened and linked-up 
systems that link the physical world seamlessly with the virtual 
world of information technology and software, and by doing 
so, use various types of available data and services. CPS enable 
a wide range of novel functions, services, and features that are 
far beyond the scope of today’s capabilities of externally non-
networked embedded systems with controlled behaviour [18]. 
The characteristics of CPS and their provision considerably 
strengthen the abovementioned effects on change drivers. 
Information and communication technology including 
software is one of the main drivers of changing the global 
structure of manufacturing in general. New technical concepts 
and systems always have structural effects on production [3]. 
To be precise, manufacturing companies are facing tremendous 
challenges on the way to become a provider or complementor 
of CPS, e.g., in the context of system-critical resources, 
competencies, or interfaces. Furthermore, it is unclear, how 
aspects that so far have played a major role predominantly in 
the software industry, will affect manufacturing companies as 
provider or complementor of CPS (e.g. aspects such as shared 
economy, platform economy or CPS-platform strategies, 
network effects, open innovation etc.). 
Integrated product and service offerings oriented to 
industrial applications are conceptualized as industrial product 
service systems (IPS²) [21]. Service contracts and the use of 
remote service solutions can be regarded as a pre-stage for 
availability-oriented business models and IPS² [21]. Analogous 
to before, we regard CPS oriented to industrial applications as 
a special, software-intensive form of IPS² [18]. Intelligent 
factories will involve the technical integration of CPS into 
manufacturing and logistics and the use of the Internet of 
Things and Services in industrial processes [22]. From this 
perspective, manufacturers face the concept of combining 
products, services and software as customers rather than as 
providers, or in addition to. Here, we assume positive effects 
on change enablers on a lower level. 
Zaeh et al. stated, already bearing the digital factory in mind, 
that a major part of the potential in supporting change by digital 
tools remains unused [23]. Different technologies and concepts 
having positive impact on plant and machinery within 
manufacturing companies may also have impact on 
manufacturing networks. Machines are able to capture their 
current states precisely, e.g. by machine data collection with 
integrated sensors, and forward them to other machines and 
software systems to be analyzed. However, for this purpose 
machines need to become intelligent by using ICT, esp. 
software-intensive services based on the abilities of CPS [22]. 
With respect to changeability, software-intensive services 
can substantially support organizational measures. Especially, 
software-intensive services within the operational phase of 
machines facilitate the (re)formation of manufacturing 
networks and increase their agility during operation. Different 
publications addressing the adaptability of manufacturing 
relieved by software-intensive services exist, see e.g. [24, 25]. 
A closer look into changeability enablers on factory level 
provides further insights.  
As to universality and compatibility, production-related, 
software-intensive services can facilitate the conversion of 
machines for production of new product variants in the 
production network [22, 23]. An example to illustrate this can 
be a mobile industrial robot that is able to adapt its setting and 
its programs depending on the current cell configuration and 
layout and to communicate these changes back to central 
planning. I.e. a machine can perform different tasks within the 
production network depending on its software configuration. 
The mobility of a machine may be facilitated by open software 
interfaces. Using uniformly defined software interfaces on the 
machine level within the production network, it is possible with 
less effort to let machines operate at different locations. By 
using production-related software-intensive services, 
capabilities of machines can be easily enabled or disabled 
within the network. These easy way of shifting capabilities of 
machines can be seen an aspect of scalability. Software-
intensive services themselves, as intangible parts of the 
integrated solution ‘machine’, can be seen as independent 
modules that can be replaced as needed (modularity). 
Interpreted in terms of the interconnection between 
changeability and the concept of combining products, services 
and software, and in consideration of the presented theoretical 
derivations, we formulate hypotheses 4a and 4b:  
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Manufacturers acting within a hybrid value creation 
network have to deal with different as well as more volatile 
main change drivers in comparison to manufacturers in 
production networks sensu stricto (4a);  
By using software-intensive industrial product service 
systems manufacturers increase the implemented changeability 
in production networks (4b). 
3. Conclusions, limitations and further need for research 
In order to enrich the concept of changeability on the 
production network level from the business perspective, we 
took particular strategic management concepts into account 
that so far have received less attention related to changeability. 
This results into six hypotheses in consideration of the 
presented theoretical derivations: 
• 1) A high perceived strength of change drivers leads to the 
implementation of lead factories in the production 
network;  
• 2a) High perceived strength of market-based volatility 
leads to the implementation of the capacity pooling
concept;  
• 2b) High perceived strength of technology-based volatility 
leads to the implementation of the capacity allying 
concept;  
• 3) Operational flexibility within a manufacturing network 
and universality, modularity, and scalability of production 
units as change enablers on a lower level are mutually 
reinforcing, enabling even greater changeability than on 
their own; 
• 4a) Manufacturers acting within a hybrid value creation 
network have to deal with different as well as more volatile 
main change drivers in comparison to manufacturers in 
production networks sensu stricto;  
• 4b) By using software-intensive industrial product service 
systems manufacturers increase the implemented 
changeability in production networks. 
Our work is supposed to build the basis for further 
conceptual and empirical research on agility. Nevertheless, our 
results are limited by their exploratory and hypothesis-
generating nature. Further empirical studies, now beginning, 
are needed in order to test our hypotheses and evaluate the 
presented agility-enriching enabling concepts. We intend to 
collect the required data through a quantitative online survey as 
the core of our study. In order to supplement selected 
quantitative and industry-specific data by more qualitative, 
deeper insights, we subsequently intend to study the case of a 
selected global, sino-german manufacturing network by using 
a qualitative approach. 
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